ABSTRACT Severe malaria is a density-dependent disease that comprises infected-erythrocyte sequestration, with or without monocytic infiltration, as seen in renal, placental, and lung tissues from severe malaria patients. HIV induces a chronic proinflammatory state with higher numbers of inflammasome-activated monocytes and platelets circulating. The epidemiological and pathological study of S. E. Hochman et al. that was published in a recent issue of mBio (Hochman SE, Madaline TF, Wassmer SC, Mbale E, Choi N, et al., mBio 6:e01390-15, 2015, doi:10.1128/mBio.01390-15) analyzes a large cohort of Malawian children and shows that cerebral malaria in younger HIV-negative children presents as an acute disease predominated by sequestered infected erythrocytes. In contrast, they show that case presentation in older HIV-positive children is as a more lethal acute on chronic disease marked by double the monocytic infiltrates and 5 times as many platelets. This study suggests that cerebral involvement in severe malaria is a pathology similar to that of other organ involvement of severe malaria, with a bias in HIV-positive individuals toward more monocytic infiltrates. The study also addresses the important association of severe malaria and HIV prevalence.
U
ncomplicated malaria is a red cell disease that is unaffected by white cell immunosuppression in HIV. Early in the HIV epidemic, large numbers of uncomplicated malaria subjects showed that malaria was not worse in HIV-positive patients and that HIVpositive patients did not have more incidence of uncomplicated malaria. The numbers were never large enough to make conclusions about severe malaria, mainly because severe malaria occurs in less than 1% of malaria cases and correlation requires thousands of malaria patients intersecting with HIV. The retrospective review by Chandramohan and Greenwood found no change in uncomplicated malaria in hundreds of cases of HIV and malaria with only a dozen total severe malaria cases, which were thus insufficient for analysis (1) .
The first measured impact of HIV on malaria was observed in placental malaria, where it was demonstrated that HIV-positive mothers lost the malaria immune protection acquired from a previous pregnancy (2, 3) . The study of S. E. Hochman et al., published in a recent issue of mBio (4), accumulated more than 2,000 severe malaria cases over 12 years and established that in HIVpositive patients, cerebral malaria presented later in life and was more lethal. The prevalence of HIV among this large collection of well-documented cerebral malaria cases was 15%, with a baseline HIV population rate of 2%. A separate study by this group showed that severe malaria anemia actually has a 20% HIV rate within the same population (5) . The current study is important both for adding solid epidemiological numbers on severe malaria and HIV prevalence and for making an important histopathologic association of monocytes and platelets in severe cerebral malaria.
Sophie Spitz, a military surgeon, reported on fifty autopsy cases of lethal malaria after WWII, noting higher localization of adherent organisms in the spleen, liver, and bone marrow but uniform distribution in other organs, including the brain (6) . In heavy infections, there were equal numbers of adherent parasites in the brain, lungs, heart, and intestines, even though the clinical symptoms pointed to a single organ. Light infections were similarly uniformly distributed. Selective localization of adherent infected erythrocytes did not account for the often organ-specific clinical presentation of fatal malaria. She also noted thrombotic lesions in the cerebral vasculature alone and not in other organs. More recently, Milner et al. confirmed these uniform organ distribution findings in the lungs of 55 children who had died of cerebral malaria and in the lungs of 45 who died of noncerebral malaria (7) . In those with cerebral malaria, the lungs had similar large numbers of adherent parasites, along with large amounts of extracellular hemozoin deposits, compared to the lower numbers of parasites and amounts of hemozoin in noncerebral malaria cases. The numbers of pulmonary macrophages did not differ between those with cerebral malaria, noncerebral malaria, and no malaria diagnosis. Adherent parasites and monocytes have been a frequent pathological finding in malaria patients, but the significance of monocytes and platelets has remained a point of debate.
An important solid addition of this new study is not just the demonstration of increased numbers of monocytes in a few cerebral malaria autopsies but also the contribution of a large data set with statistical proof of the association of monocytes and platelets with cerebral malaria, regardless of CD4 levels. This report examined 30 (15 HIV-positive and 15 HIV-negative) random autopsies out of nearly 100 and observed twice as much monocytic infiltrate accumulation and 5 times as many platelets in the brains of HIVpositive than of HIV-negative cases. The monocyte and platelet infiltrations were highly correlated with the amount of hemozoin (free, intraparasitic, or intramonocytic) in the brain. HIV-positive patients also had statistically higher levels of hemozoin in the brain. Peripheral blood measurements of Plasmodium falciparum histidine-rich protein 2, a biomarker of total infected parasite biomass, were similar in HIV-positive and HIV-negative cases.
The monocyte infiltrations observed in placental malaria have also been characterized pathologically into the following four cat-egories ( Fig. 1): (1) an acute phase with newly abundant sequestered parasites adhered to chondroitin sulfate A by the var2CSA P. falciparum erythrocyte membrane protein, (2) a combination of adherent parasites and inflammatory infiltrates of monocytes, (3) hemozoin and inflammatory monocytic infiltrates, or (4) hemozoin only, with neither parasites nor monocytes (8) . In renal disease of severe malaria, monocytic infiltration has also been seen (9) . Severe pulmonary pathology also has a component of monocytic infiltration (10) . Rather than providing evidence that the cerebral malaria pathology is distinct from other severe malaria organ presentations, this study points to a common pathological process in line with that of placental malaria. Acute rapid-onset malaria with sequestration of high numbers of infected erythrocytes can result in severe disease in any organ at any time. However, an additional pathological process is severe disease in the setting of monocytic infiltrates, with or without associated platelets, along with high numbers of adherent infected erythrocytes.
This reflects a chronic pathology of monocytes recruited to the site of adherent parasites and hemozoin. While there is still debate on whether the monocytic infiltrate is protective or exacerbates disease, the monocyte and platelet association in this pathological study is statistically clear. This study establishes cerebral malaria presented in older HIV-positive patients as a chronic disease with the co-occurrence of monocytes, platelets, and parasites to effect individual organ dysfunction. The four pathological entities descriptive of placental malaria serve also to describe cerebral malaria or severe malaria anemia. Severe malaria can therefore present either as an acute, rapidly progressive pathology or as a subacute on chronic pathology, with the implication of a more lethal outcome in the latter. 
